-Reduced EphB4 expression is observed during vein graft adaptation and is associated with increased venous wall thickening. These findings suggest that EphB4 may mediate normal adult venous endothelial cell (EC) function and vein graft adaptation. We therefore tested the functional significance of EphB4 using EC with genetically reduced EphB4 signaling. EC were isolated from EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ mice. In vitro function was assessed through EC proliferation, migration, nitric oxide (NO) synthesis, and chemokine production. A mouse vein graft model was used to correlate in vitro findings with in vivo vein grafts. Smooth muscle cells (SMC) were subjected to proliferation and migration assays using EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC-conditioned medium. EphB4
EC exhibited diminished proliferation (P Ͻ 0.0001, n ϭ 6), migration (P Ͻ 0.0001, n ϭ 3), and NO production (P ϭ 0.0012, n ϭ 3). EphB4 ϩ/Ϫ EC had increased VEGF-A mRNA (P ϭ 0.0006, n ϭ 6) and protein (P ϭ 0.0106, n ϭ 3) as well as increased secretion of VEGF-A (P ϭ 0.0010, n ϭ 5), PDGF-BB (P Ͻ 0.0001, n ϭ 6), and TGF-␤1 (P Ͻ 0.0001, n ϭ 6). EphB4 ϩ/Ϫ -conditioned medium promoted SMC proliferation (P Ͻ 0.0001, n ϭ 7) and migration (P ϭ 0.0358, n ϭ 3). Vein grafts and EphB4 ϩ/Ϫ EC showed similarity with regard to VEGF-A and eNOS mRNA and protein expression. In conclusion, reduced venous EC EphB4 function is associated with a proangiogenic and mitogenic phenotype. EphB4 ϩ/Ϫ EC have increased secretion of SMC mitogens and reduced NO production that correlate with the thickened neointima formed during vein graft adaptation. These findings suggest that EphB4 remains active in adult venous EC and that loss of EphB4 plays a role in vein graft adaptation.
EphB4; venous endothelial cells; vein graft remodeling AUTOGENOUS SAPHENOUS VEIN placed into arterial circulation as a bypass graft remains the gold standard of surgical treatment for critical limb ischemia. Reduced patency is routinely observed with the use of prosthetic graft alternatives, and it is generally believed that this inferior performance occurs secondary to the lack of an intact, functional, antithrombotic endothelium (23) . Following arterialization, human vein grafts initially demonstrate outward remodeling, which in turn is followed by the progressive acquisition of wall stiffness (20) in a process that involves inflammation (21) . Despite adaptive changes, vein graft failure secondary to progressive neointimal hyperplasia remains a major clinical problem. Currently, little is known about the molecular biology of vein graft remodeling especially regarding the balance between necessary adaptation and aberrant venous remodeling that manifests as pathological neointimal hyperplasia and vein graft failure (22) .
The molecular distinction between arterial and venous endothelial cells (EC) is determined during embryonic development, and this distinction persists in the adult vasculature (27) . EphB4, a receptor tyrosine kinase, is a marker of adult venous EC, whereas Ephrin-B2, membrane-bound ligand for EphB4, is predominantly expressed by arterial EC (1, 8, 27) . However, it is not currently clear whether EphB4 plays a role in adult EC or whether it is simply a retained embryonic venous cellular identity marker (12) . Analysis of patent human vein grafts has shown that placement of a vein into the arterial circulation results in the loss of EphB4 without an accompanying upregulation of arterial identity markers. This observation suggests that EphB4 may not just be a passive venous identity marker but rather an active mediator in adult EC homeostasis (12) .
Furthermore, Muto et al. (18) have recently shown that EphB4 loss is associated with venous wall thickening and that stimulation of EphB4 signaling during vein graft adaptation facilitates both the preservation of venous identity as well as inhibition of wall thickening. These observations suggest that EphB4 is active in adult veins in vivo and that loss of EphB4 is critical for successful venous adaptation to the arterial environment. To test the functional significance of EphB4 activity in adult cells, we examined the effects of reduced EphB4 signaling on venous EC function in vitro and compared these changes to those that occur during vein graft adaptation in vivo.
MATERIALS AND METHODS
Antibodies and reagents. Primary antibodies to the following antigens were obtained as follows: total-Akt, phospho-Akt, total-ERK1/2, phospho-ERK1/2, hsp90, VEGFR2, phosphotyrosine (Cell Signaling Technology, Danvers, MA); eNOS, phospho-eNOS, caveolin-1 (Cav-1; BD Biosciences, San Jose, CA), VEGF-A (Santa Cruz Biotechnology, Santa Cruz, CA), EphB4 (Abcam, Cambridge, MA); PCNA (Sigma-Aldrich, St. Louis, MO); BrdU Cell Proliferation Assay (Cell Signaling Technology); Dip Stain Kit (Volu-Sol, Salt Lake City, UT); and Ephrin-B2/Fc (R&D Systems, Minneapolis, MN).
Isolation of mouse lung endothelial cells. All animal procedures were approved by Yale University's Institutional Animal Care and Use Committee and were performed in keeping with the National Institutes of Health ethical guidelines. Primary mouse lung EC were isolated as previously described (18) . Briefly, under sterile conditions, lung tissue was collected from 6-wk-old EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ mice (8), minced in 0.1% collagenase, and further homogenized by repeated passage through a 14-gauge needle. After 48 h, cells were immortalized by infection with a retrovirus expressing the polyoma middle T antigen. A second sortation was performed using magnetic beads conjugated with anti-mouse CD31; EC were collected using a magnetic sorter, plated, and passaged for experimental use.
Primary vascular smooth muscle cell isolation. Primary mouse vascular smooth muscle cells (SMC) were isolated from the thoracic aortas of C57BL/6 mice using a combined collagenase and elastase digestion method (6) . Isolated cells were then cultured and used for experiment immediately following one passage.
Animal vein graft model. Fifteen-week-old C57BL/6 mice were used to generate in vivo matched vein and vein graft tissue as previously described (18) . In brief, thoracic inferior vena cava (IVC) was harvested from donor mice and transplanted into the infrarenal aorta of recipient mice using reverse interposition grafting. A 10-0 continuous running suture was used to fashion the vein graft anastomosis. All implanted vein grafts were followed by ultrasound to ensure graft patency. Thoracic IVC (vein) and vein graft samples were harvested at 1 wk postoperatively for protein analysis.
Agarose gel electrophoresis of DNA. Total DNA from EphB4
and EphB4 ϩ/Ϫ EC was isolated and amplified using primers as previously published (8) . DNA fragments were then separated out on a 5% agarose gel containing ethidium bromide, and a UV-light box was used for visualization.
ELISA assays. EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC were plated at equal cell densities, and cell-conditioned media were collected following a 24-h period of incubation. Analysis of the conditioned media was then performed using mouse VEGF-A, PDGF-BB, and TGF-␤1 ELISA assays (R&D Systems). Samples were analyzed in duplicate form, and assays were used as directed by the manufacturer's product protocol.
BrdU SMC cell proliferation assay. EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC were plated at equal cell densities, and cell culture supernatants were collected following a 24-h period of incubation. SMC were then seeded at 3 ϫ 10 4 cells/well in a 96-well plate and incubated with serum-free medium (SFM), 10% fetal bovine serum (FBS), or supernatant from EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC. BrdU solution was prepared according to the manufacturer's protocol and added into cell culture medium. SMC were then incubated for 24 h. BrdU SMC incorporation was assayed according to product protocol, with plate absorbance read at 450 nm.
EC proliferating cell nuclear antigen (PCNA) proliferation assay. EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC were seeded at equal cell densities (1 ϫ 10 4 cells/100 l) and allowed to incubate overnight in FBScontaining culture medium. Following 24 h of incubation, cells were fixed, permeabilized, and incubated with anti-PCNA antibody according to manufacturer's protocol.
SMC migration assay. Prior to beginning SMC migration, EphB4
ϩ/ϩ and EphB4 ϩ/Ϫ EC were plated at equal cell densities, and cell culture supernatants were collected following a 24-h period of incubation. SMC were serum starved for 15 h before the migration assay. SMC migration was assessed using 8-m transwell inserts coated with type I collagen (Corning Life Science, Tewksbury, MA); SMC were placed in the transwell upper chambers in equal cell concentrations (1 ϫ 10 5 cells/100 l). SFM, 10% FBS, and conditioned medium from EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC were used for SMC chemoattraction; chemoattractants were placed in equal volumes into the lower transwell chambers. After 8 h of incubation the cells were fixed and stained. Nonmigratory SMC on the upper side of the insert were scraped off with cotton swabs, and the SMC that migrated onto the lower side of the insert were then counted using light microscopy.
Endothelial cell migration assay. EC migration was assessed in a similar manner. EC were serum starved for 15 h and plated in equal cell concentrations (1.5 ϫ 10 5 cells/100 l) onto 8-m transwell inserts coated with 0.1% gelatin. SFM, Ephrin-B2/Fc (2 g/ml), and 10% FBS were used for chemoattractants.
Nitric oxide release analysis. Nitric oxide (NO) production by EC was analyzed as previously described (6, 18) . NO production at baseline and poststimulation with VEGF-A (20 ng/ml) was examined in EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC after 24 h of incubation. Collected medium was then processed by a NO-specific chemiluminescence analyzer. Tube formation assay. Matrigel matrix (BD Biosciences, San Jose, CA) was applied to 24-well culture plates and prepared for use. EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC were plated in equal densities (2 ϫ 10 5 /300 l) with or without VEGF-A (20 ng/ml) and incubated for 18 h at 37°, 5% CO 2 atmosphere. Tube formation was quantified manually using light microscopy.
Western blotting. Mouse vein and vein graft tissue were carefully harvested and snap frozen in liquid nitrogen, and protein was extracted using RIPA lysis buffer in combination with manual homogenization. Equal sample amounts of protein were fractionated in a SDS-polyacrylamide gel and then transferred to nitrocellulose. Membranes were then immunoblotted with appropriate primary and secondary antibodies, and membrane signals were detected using enhanced chemiluminescence technique.
Immunoprecipitation. EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC were serum starved for 15 h and then stimulated with 2 g/ml of Ephrin-B2/Fc as previously described (18) . After quantification of individual protein concentrations, sample concentrations were normalized and diluted to 1.5 mg/ml. Samples were incubated overnight at 4°C with anti-EphB4 antibody and then precipitated with agarose G beads. Samples were subsequently analyzed by Western blot technique. Immunoblotting was performed for phosphotyrosine.
PCR analysis. Following serum starvation, total RNA was isolated and purified from EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC (RNeasy Mini Kit; Qiagen, Valencia, CA). Total RNA was then reverse transcribed and amplified (SuperScript III First-Strand Synthesis SuperMix; Invitrogen, Grand Island, NY). Primers were used as previously described (18) . Quantitative PCR was performed using duplicates of each sample, and expression values were standardized to control 18S values.
Statistical analysis. Results are expressed as means Ϯ SE. Comparisons between groups were performed using analysis of variance (ANOVA) or unpaired t-tests as appropriate (Prism 5, GraphPad Software). P values Յ0.05 were considered statistically significant.
RESULTS

Decreased EphB4 phosphorylation in EphB4
ϩ/Ϫ EC. EC were isolated from both wild-type (EphB4 ϩ/ϩ ) and EphB4 ϩ/Ϫ mice; both EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC expressed EphB4, consistent with a venous phenotype (Fig. 1) . Germline transmission of the original EphB4 locus mutation was confirmed through extraction of total DNA from EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC. Agarose gel electrophoresis demonstrated that EC isolated from EphB4 ϩ/Ϫ , but not from EphB4 ϩ/ϩ , showed coexpression of EphB4 wild-type (310 base pairs) and EphB4 mutant (420 base pairs) loci (Fig. 1A) , the same germline mutation as previously described (8 (Fig. 2, A and B) . Increased VEGF-A protein expression in EphB4 ϩ/Ϫ EC was similar to the increased VEGF-A protein expression in mouse vein grafts (Fig. 2C ). There were no differences in VEGFR2 mRNA or protein expression between EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC (Fig. 2, D and E) , although there was diminished VEGFR2 protein expression in vein grafts (Fig. 2F) . Analysis of EC mRNA for VEGF-A autoregulated dual-specificity MAPK phosphatases DUSP1 and DUSP5 showed increased expression levels of both DUSP1 and DUSP5 in EphB4 ϩ/Ϫ EC (Fig. 2, G and H) . These results are consistent with the finding of increased VEGF-A expression in EphB4 ϩ/Ϫ EC, e.g., EphB4 is a negative regulator of VEGF-A expression in adult venous EC.
Reduced proliferation and migration in EphB4 ϩ/Ϫ EC. Since VEGF-A expression was increased in EphB4 ϩ/Ϫ EC (Fig. 2) , we examined ERK1/2 activity, a signaling pathway downstream of VEGF and associated with cell proliferation and migration. There were no differences in either phosphor- EC (*P ϭ 0.0006; n ϭ 6). B: bar graph of mean densitometry of VEGF-A protein expression levels in EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC (*P ϭ 0.0106; n ϭ 3). Representative Western blot is shown below. C: bar graph of mean densitometry of VEGF-A protein expression levels in vein and vein graft (*P ϭ 0.0002; n ϭ 3). Representative Western blot is shown below. D: bar graph of mean VEGFR2 mRNA expression levels in EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC (*P ϭ 0.9697; n ϭ 6). NS, not significant. E: bar graph of mean densitometry of VEGFR2 protein expression levels in EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC (*P ϭ 0.9595, n ϭ 6). Representative Western blot is shown below. F: bar graph of mean densitometry of VEGFR2 protein expression levels in vein and vein graft (*P ϭ 0.0377, n ϭ 6). Representative Western blot is shown below. G: bar graph of mean DUSP1 mRNA expression levels in EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC (*P ϭ 0.0011, n ϭ 6). H: bar graph of mean DUSP5 mRNA expression levels in EphB4 ϩ/ϩ and EphB4 ϩ/Ϫ EC (*P ϭ 0.0008, n ϭ 6).
ylated or total ERK1/2 protein expression between EphB4
ϩ/ϩ and EphB4 ϩ/Ϫ EC (Fig. 3A) . Conversely, consistent with our previous results showing increased ERK1/2 phosphorylation in rabbit vein grafts (29) and proliferation in vein grafts (12, 18) , there was increased phosphorylated ERK1/2 in vein grafts compared with veins (Fig. 3B) . EphB4 ϩ/Ϫ EC showed a reduced rate of proliferation compared with EphB4 ϩ/ϩ EC, both as assessed with direct cell counts (Fig. 3C ) as well as with assessment of PCNA-positive cells (Fig. 3D) . EphB4 ϩ/Ϫ EC also showed decreased migration compared with EphB4 ϩ/ϩ cells, both in response to Ephrin-B2/Fc as well as to FBS (Fig. 3E) . These results suggest that the overall increase in ERK1/2 activity in vein grafts (Fig. 3B) is not observed in EphB4 ϩ/Ϫ EC, which show diminished proliferation and migration, and is consistent with the venous EC monolayer observed during vein graft adaptation (12, 18) .
Increased angiogenesis and reduced NO production in EphB4
ϩ/Ϫ EC. Since VEGF-A expression was increased in EphB4 ϩ/Ϫ EC ( Fig. 2 ) but ERK1/2 activity was not (Fig. 3 ), we examined whether there was increased activity of the Akt pathway, which is also downstream of VEGF (7). EphB4 ϩ/Ϫ EC showed increased phosphorylated Akt, without any changes in total Akt expression, compared with EphB4 ϩ/ϩ EC (Fig. 4A) . Vein grafts had increased expression of both phosphorylated and total Akt compared with veins (Fig. 4B) . EphB4 ϩ/Ϫ EC had decreased NO secretion, both under basal as well as under VEGF-stimulated conditions, compared with EphB4 ϩ/ϩ EC (Fig. 4C) . In contrast, EphB4 ϩ/Ϫ EC demonstrated increased tube formation with increased branch-point formation, both under basal as well under VEGF-A stimulated conditions, compared with EphB4 ϩ/ϩ EC (Fig. 4D ). Since both VEGF-A expression as well as phosphorylated Akt were increased in EphB4 ϩ/Ϫ EC, we examined patterns of eNOS expression. EphB4 ϩ/Ϫ EC had similar amounts of eNOS mRNA transcripts compared with EphB4 ϩ/ϩ EC (Fig. 4E) . However, there was reduced expression of both phosphorylated and total eNOS in EphB4 ϩ/Ϫ compared with EphB4 ϩ/ϩ EC (Fig. 4F) , similar to the reduced expression of phosphorylated and total eNOS observed in vein grafts (Fig. 4G) .
Since eNOS phosphorylation and NO production were both reduced in EphB4 ϩ/Ϫ EC compared with EphB4 ϩ/ϩ EC (Fig.  4, F and C) , we examined hsp90, a regulatory facilitator of Cav-1 displacement from eNOS. Expression of hsp90 was reduced, and expression of the eNOS inhibitor Cav-1 was elevated in EphB4 ϩ/Ϫ EC compared with EphB4 ϩ/ϩ EC (Fig.  4, H and J) . These changes in hsp90 and Cav-1 expression were in contrast to vein grafts, in which no changes in hsp90 were observed (Fig. 4I) and Cav-1 protein levels were diminished (Fig. 4K) .
Increased SMC mitogens and chemoattractants secreted by EphB4
ϩ/Ϫ EC. Since EphB4 ϩ/Ϫ EC have diminished proliferation and migration (Fig. 3) as well as diminished NO secretion and eNOS phosphorylation (Fig. 4) , we hypothesized that EphB4 ϩ/Ϫ EC may be a functional model of the EC monolayer in vein grafts. Since vein grafts show increased neointimal volume (12, 18) , increased VEGF-A expression (Fig. 2C) , and ERK1/2 phosphorylation (Fig. 3B) , we examined EphB4 ϩ/Ϫ EC for production of SMC mitogens and chemoattractants that could account for these observations. ELISA of EC-conditioned medium showed increased levels of VEGF-A, PDGF- BB, and TGF-␤1 proteins secreted by EphB4 ϩ/Ϫ EC compared with the amounts secreted EphB4 ϩ/ϩ EC (Fig. 5, A-C) . Similarly, mRNA transcript numbers of VEGF-A, PDGF-BB, and TGF-␤1 were increased in EphB4 ϩ/Ϫ EC compared with EphB4 ϩ/ϩ EC (Fig. 5, D-F) . SMC showed increased chemotaxis when stimulated with medium conditioned by EphB4 ϩ/Ϫ EC compared with SFM or medium conditioned by EphB4 ϩ/ϩ EC (Fig. 5G) . Similarly, SMC stimulated with conditioned medium from EphB4 ϩ/Ϫ EC had increased proliferation compared with SMC stimulated with SFM or conditioned medium from EphB4 ϩ/ϩ EC (Fig. 5H) . These results are consistent with EphB4 ϩ/Ϫ EC secreting increased levels of SMC chemoattractants and mitogens compared with EphB4 ϩ/ϩ EC.
DISCUSSION
To examine the effects of EphB4 function in venous EC, we compared several functions of EphB4 ϩ/Ϫ EC to those of EphB4 ϩ/ϩ EC. Our data suggest that EphB4 ϩ/Ϫ EC have several properties that are consistently different; in particular, EphB4 ϩ/Ϫ EC have decreased rates of proliferation and migration (Fig. 3) , diminished EphB4 phosphorylation (Fig. 1) , increased VEGF-A synthesis (Fig. 2) and secretion (Fig. 5) , increased DUSP1 and DUSP5 expression (Fig. 2) , decreased eNOS expression and phosphorylation (Fig. 4) as well as decreased hsp90 expression and increased caveolin-1 expression (Fig. 4) . EphB4 ϩ/Ϫ EC also demonstrate increased secretion of SMC chemoattractants and mitogens compared with EphB4 ϩ/ϩ EC, particularly VEGF-A, PDGF-BB, and TGF-␤1 (Fig. 5) . These data suggest that EphB4 has numerous effects in adult venous EC and may play an active role in cell physiology, rather than just being a passive marker of venous identity.
There are similarities between the changes in EphB4 ϩ/Ϫ EC compared with EphB4 ϩ/ϩ EC with those found in vein grafts compared with veins. In particular, both EphB4 ϩ/Ϫ EC as well as vein grafts show diminished EphB4 function (12, 18; Fig.  1 ). In addition, both EphB4 ϩ/Ϫ EC as well as vein grafts show increased VEGF-A expression (Fig. 2) , increased Akt phosphorylation (Fig. 4) , and diminished eNOS phosphorylation and expression (Fig. 4) . We believe that these similarities reflect the altered physiological states of both EphB4 ϩ/Ϫ EC as well as vein grafts and suggest that both loss of EphB4, as well as exposure to the arterial environment in vivo, result in venous EC stress that requires an adaptive response. In particular, diminished NO and increased Akt activation suggest adaptation to stress stimuli (9, 19) , or they may simply reflect diminished eNOS activation with upstream compensation. However, our examination of vein grafts at only a single time point of 1 wk after implantation suggests that additional similarities might be found at other time points. Nevertheless, our finding that reduced levels of EphB4 in EC results in several changes that recapitulate vein graft adaptation suggests that our hypothesis, that EphB4 is active in adult venous EC, is correct.
On the other hand, there are several differences between EphB4 ϩ/Ϫ EC and vein grafts, which are summarized in Table 1 . Since vein grafts are composed largely of cells that are not EC, these differences suggest potential functions of vein grafts that are due to the SMC, and other non-EC cell types, rather than the EC monolayer. For example, increase ERK activation in vein grafts (Fig. 3B) suggests that vein graft proliferation is largely due to increases in SMC and other non-EC cell proliferation, consistent with the findings that vein grafts retain a single-cell EC monolayer (2, 12, 18) . Examination of the vein graft at other times beyond 1 wk after implantation might also show additional similarities and differences between EphB4 ϩ/Ϫ EC and vein grafts; however, early transcriptional changes after implantation, such as for VEGF-A and EphB4, are stable between 1 and 3 wk after implantation (12) .
Diminished EphB4 function appears to result in a cellular phenotype that has some proangiogenic properties, e.g., increased VEGF-A expression, increased tube formation, and increased secretion of SMC mitogens and chemoattractants. In addition, diminished eNOS phosphorylation and NO secretion may also be consistent with this phenotype (3, 11) . It is not clear whether these cellular characteristics are due to differences in activation of pathways downstream from EphB4, whether these pathways require complete suppression for phenotype emergence, or whether other factors are superimposed. The normal histology of veins in EphB4 heterozygous mice (18) suggests that reduced levels of EphB4 activity are sufficient for many of its functions, which is not surprising since complete reduction of EphB4 activity is lethal during embryonic development (27) , providing rationale for redundancy of any putative functions.
Increased VEGF-A expression has been previously reported at early times during vein graft adaptation (10, 12, 28) and is consistent with our current findings in both vein grafts as well as EphB4 ϩ/Ϫ EC (Fig. 2) . The significance of early increases in VEGF-A during vein graft adaptation is not well understood. VEGF-A may play a protective role in preventing intimal hyperplasia (10, 16), but it may also be a mediator of aberrant SMC proliferation and stimulus of intimal hyperplasia (28) . Since VEGF-A stimulates both ERK and Akt activity (13, 14, 17, 24) , our finding of differential effects on ERK (Fig. 3) and Akt (Fig. 4) activation between EphB4 ϩ/Ϫ EC and vein grafts suggests differential response to VEGF-A in the different cell types of the vein graft and is consistent with SMC having greater proliferation than EC in vein grafts. On the other hand, Akt activation in EC (Fig. 4A) but not in vein grafts (Fig. 4B) suggests the importance of the Akt pathway in EC responses as is observed with shear stress Akt activation in EC and the downstream activation of eNOS and resulting NO production (4, 26) . The paracrine interactions between EC and SMC during vein graft adaptation complicate the interpretation of our vein graft data; however, our findings that EC secrete SMC mitogens and chemoattractants (Fig. 5 ) are consistent with a role for EphB4 in regulating this process. 
